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Ajay Kumar Singh (1992) Synthesis and release of phosphoprotein and phos- 
pholipid in the female freshwater catfish, Heteropneustes fossilis in response to 
esiradiol-178 during two different phases of annual reproductive cycle. Bull. Inst. 
Zool., Academia Sinica 31(1): 23-32. Changes in phosphoprotein and phospholipid 
of the liver and serum were observed in response to the administration of different 
doses of estradiol-178 during postspawning and preparatory phases of the reproduc- 
tive cycle of Heteropneustes fossilis. All tested doses of estradiol-17f (5 pg, 10 ug, 
and 50 wg/fish for 7 days) increased liver RNA without altering DNA content in 
both postspawnig and preparatory phases, only medium (10 yg/fish) and high 
(50 ug/fish) doses during the postspawning phase, and all three doses (5 ug, 10 ug 
and 50 wg) during the preparatory phase heightened phospholipid and phosphopro- 
tein levels in both the liver and serum. Treatment with estradiol-178 during both 
reproductive phases at doses of 10 and 50 yg/fish resulted in increased liver protein. 
The influences of estrogen treatment on phospholipid synthesis varied slightly ac- 
cording to individual phases of the reproductive cycle. Low doses of estradiol-17£ 
(5 xg/fish) induced the synthesis of lipids other than phospholipid in the liver 
during the postspawning season. On the other hand, medium (10 yg/fish) and high 
(50 yg/fish) doses of the same hormone triggered the synthesis of phospholipid 
without affecting total lipid concentrations in the liver during preparatory phase. 
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Veno san a female-specific yolk 
precursor, has been identified as a lipo- 
phoprotein in amphibia (Follet et al., 1968; 
Wallace and Jared, 1969; Wallace and 


Bergink, 1974), reptiles (Yaron and 
Widzer, 1978; Sapp et al, 1979) and fish 
(Craik, 1979a; Crim and Idler, 1978). 


Except for Xenopus leavis (Redshaw and 
Follet, 1971), comparativelly little attempt 
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has been made to study the detailed che- 
mical characteristics of vitellogenin in 
lower vertebrates. However, in fish, vitel- 
logenic response to estrogen was studied 
indirectly by measuring biochemical 
constituents associated with vitello- 
genesis. For example, estrogen treatment 
increased liver size, total protein, total 
lipid, phospholipid, and phosphoprotein of 
the liver and serum in several species of 


24 AJAY KUMAR SINGH 


fish (Campbell and Idler, 1976; De Vlaming 
et al. 1977a, 1977b; Craick, 1978b; Hori et 
al., 1979), including hagfish (Yu et al., 1981). 
Histological investigations also revealed 
that injections of estradiol-178 caused 
increases in cytoplasmic vacuolization 
(lipid material) of the liver in intact 
male and female eels (Olivereau and 
Olivereau, 1979a, 1979b). It has also been 
suggested that synthesis of a yolk pre- 
cursor in the liver and its release into 
the blood is brought about by estrogen, 
whereas mobilization of a yolk precursor 


from the blood to the ovaries is under . 
of pituitary gonadotropin 


the control 
(Campbell and Idler, 1976; Nath and 
Sundararaj, 1981; Sundararaj and Nath, 
1981). The synthesis and release of 
estrogen has already been demonstrated 
in fish ovaries (Nagahama et al., 1976; 
Yaron et al., 1977). | 

A survey of the literature indicates 
that, in teleosts, apparently no attempt 
has been made to measure the RNA and 
DNA content of the liver in response to 
estrogen. When investigating the involve- 
ment of estrogen in  vitellogenesis, it 
becomes essential to study levels of RNA 
in relation to DNA, as it would help to 
define the role of estrogen at the trans- 
cription level. 

This experiment described the effects 
of estradiol-178 on the synthesis and 
release of phosphoprotein and phospho- 
lipid in freshwater catfish, Heteropneustes 
fossilis, during the postspawning and 
preparatory phases of its reproductive 
cycle. 


MATERIALS AND METHODS 


Adult Heteropneustes fossilis famales 
with average weights of 35-40g and 
lengths of 18.5-20cm were collected from 
Ramgarh Lake near Gorakhpour (India). 
Two separate experiments were con- 
ducted in October and February, during 


February. 


the postspawning and preparatory phases 
of the fish’s annual reproductive cycle. 
The various phases of that cycle as 
described by Singh and Singh (1979) were 
incorporated. Fish were kept under 
laboratory conditions for one week, and 
were fed minced liver; specimens were 
not fed during hormone treatment. 
Aquaria temperatures were not con- 
trolled; however, variation in temperature 
was similar to that of control and 
experimental aquaria, ranging from 26 to 
28°C in October, and 21 to 23°C in 
Daily photoperiods were 
measured at 11.5 L/12.5 D in October, and 
10.5 L/13.5 D in February. | 


Hormone administration 


Estradiol-178 was homogenized in a 
solution of 0.6% NaCl with glass homo- 
genizer, plus a drop of tween 80. Tween 
80 was also added to the control saline. 
Before each phase of the experiment, 
specimens were divided into four batches.. 


- Batch 1 individuals were injected (i.p.) 


with the 0.6% saline, whereas batch 2, 3 
and 4 specimens were injected with three 
different doses of estradiol-178. The fish 
were injected daily for 7 days. Details 
on treatment, dosages, and number of fish 
in each batch are shown in Tables 1-4. 
Carrier fluid volume was maintained at 
0.2ml, and the fish were mildly anaest- 
hetized (1:4,000, MS 222) before each 
injection. A two-way analysis of variance 
(Sokol and Rohlf, 1969) was used to 
calculate the significance of difference 
among estrogen responses during post- 
spawning and preparatory phases. 
Student’s ¢ test was used to compare 
differences between batches in the ex- 
perimental groups. 


Collection of liver samples and blood serum 


Fish were sacrificed by severing heads 
24 hours after final injections. Blood 
was collected by using heparinized 
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syringes, then centrifuged at 3,500 RPM 
for 10 minutes. Sera obtained from 
individual fish were collected and frozen 
prior to analysis. Livers were dissected, 
washed with 06% saline, blotted to 
remove excess saline, weighed to the 
.nearest 0.l mg with a single pan electric 
balance, and stored in freezers. 


Determinations 


Liver were divided into equal halves. 
For each liver one half was used for 
estimating total lipid and lipid phosphorus 
content, and the other half was utilized 
for estimating RNA, DNA, protein, and 
protein-bound phosphorus. Liver lipid 
was extracted using chloroform-methanol 
(Folch et al, 1957); details of this 
procedure have already been described 
(Singh, 1979, 1981). Extracted lipid was 
dissolved in chloroform, and its pho- 
sphorus content was measured by the 
Fiske and Subba Row (1925) method. 
RNA, DNA, and protein were fractionated 
from the other liver halves using the 
Schmidt-Thannhouser method (Munro and 
Fleck, 1966). Weighed amount of liver 
were homogenized with 10% TCA. After 
centrifugation (3,500 RPM for 15 minutes), 
residue was retained, and supernatant 
discarded. The process was then repeated 
using 5% TCA. Precipitate was washed 
twice with a chloroform and methanol 
solution (2:1), then with ether to remove 
the lipid material. For RNA hydrolysis, 
precipitated material was suspended in 
0.3 N KOH at 37°C for 1 hour, then cooled 
to OC. DNA and protein were both 
precipitated by acidifying the alkali 
digest with 10% TCA. After centrifuga- 
tion, the supernatant was conserved as 
an RNA fraction, and pellets were 
incubated with 10% TCA at 80°C for 15 
minutes, then cooled to 0°C. This su- 
spension was centrifuged, and the super- 
natant was collected as a DNA fraction. 
| Precipitate was digested in IN NaOH for 


protein estimation. 

For estimating serum protein, lipid 
phosphorus, and protein phosphorus, 0.2 
ml of serum was treated with twice its 
volume of 10% TCA; precipitate was 
then washed with the same volume of 5% 
TCA. Pellets obtained were then sub- 
jected to the same treatment described 
above to get a different fraction. Here, 
the lipid extract (chloroform+methanol 
and ether extract) was also saved for 
lipid phosphorus estimation. RNA and 
DNA fractions were discarded, and only 
protein residue was retained for measur- 
ing protein and its phosphorus content. 
Protein phosphorus was measured by the 
same method as described earlier for 
measuring lipid phosphorus. RNA and 
DNA were measured by orcinol and 
diphenylamine reagents, respectively 
(Schneider, 1957), utilizing yeast RNA 
and calf thymus DNA as standards. 
Protein was estimated by methods 
established by Lowry et al. (1951). 


RESULTS 


1. Postspawning phase 


Treatments with different doses of 
estradiol-178 (5yg, 10 xg, and 50 ug/fish) 
over a 7-day period increased liver RNA 
during the postspawning phase (Batches 
2-4, Table 1) when compared with the 
saline-treated control fish. However, liver 
DNA remained unchanged. Only medium 
(10 xg/fish) and high (50 yg/fish) doses of 
estradiol-178 stimulated the synthesis of 
phosphoprotein as made evident by 
heightened levels of protein and protein 
phosphorus (Batches 3 and 4, Table 
1). Although all doses of estradiol- 
178 increased total liver lipid (Batches 
2-4, Table 1), only medium (10 yg/fish) 
doses of the hormone elevated lipid 
phosphorus (Batches 2 and 3, Table 1). 
This suggests that low doses of estradiol- 
178 stimulate the synthesis of liver lipid 
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Table 1 
Effects of estradiol-178 (E,) on RNA, DNA, total protein, lipid, protein 
phosphorus, and lipid phosphorus content in livers of H. fossilis 
during postspawning phase 


A B C D ; 
RNA DNA Protein Protein Lipid Lipid phos- 
Treatment (mg/g (mg/g (mg/g phospho- (mg/g phorus 
(daily for wet wet rus (mg/g wet (mg/g wet 
Batch*? 7 days) 加 Weight) weight) weight) wet weight) weight) g weig ht) 
1- (6) 0.6% saline 4.60 2.90 96.00 5.30° 54.00° 10. 40° 
+0.01 +0.09 +4.35 +0.09 +4.41 +0.85 
2- (5) E: 5 pg /fish 6.80** 3.20 97.00 5.40 66 .00* 10. 40 
+0.12 +0.08 +5.65 +0.11 +5.43 +0.96 
3- (6) Ez 10 yg/fish  8.60** 3.30 115.00* 11.20** 71.00** 20 .60*** 
+0.15 +0.15 +5.71 +0.95 +4.37 +0.97 
4- (6) E2 50 yg/fish © 8.20** 3.30 145 .00*** 12. 50** 75 .00** 21.00*** 
+0.15 +0. 19 +7.32 +0.88 +6.11 +0.96 


“” No. of fish in each batch is given in parentheses. 
Values are given as mean-+SEM. 
Significance of difference 和 between Batch 1 and Batches 2-4 (rt test); *p<0.05, **p<0.01, 
##k#kD<<0.001. 
Significantly different from preparatory phase (two-way ANOVA); ° p<0.01, °°? p<0.05. 
Dose response relationship (two-way ANOVA). Column A, D, E, p<0.05; Column C, p<0.01; and 
for Column B and F, not significant. | 


Table 2 
Effects of estradiol-178 (Ez) on total protein, lipid phosphorus, 
and protein phosphorus content in serum of H. fossilis 
dutine postep Wning peer 


Treatment Total protein Lipid phosphorus Protein phosphorus 
Batch*? (daily for 7 days) (g/100 ml) (mg/100 ml) (mg/100 ml) 
1- (6) 0.6% saline 3.50° 12.30° 3.20° 
(0.2 ml/fish) +0.45 +0.55 +0.20 
2- (5) E: 5 wg/ fsh 4.20 13.70 4.20 
+0.55 +0.60 +0.35 
3- (6) E: 10 yg/fish 8.10* 20.30** 8.20** 
+0.68 +1.15 +0.51 
4- (6) > E2 50 ug /fish 8.20* 20.50** 10.30** 
| +0.66 | +1.02 +0.62 


* No. of fish in each batch in given in parentheses. 
Values are given as mean-++SEM. l 
Significance of difference compared between Batch 1 and Batches 2-4 (t test); *p<0.01, ** p<0.01. 
Significantly different from preparatory phase (two-way ANOVA); ba p<0.05. 
Dose response relationship (two-way ANOVA). Column B, p<0.05; Column A and C, not signi- 
ficant. : 
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other than phospholipid. Only medium 
and high doses of estradiol-178 increased 
total protein, protein phosphorus, and 
lipid phosphorus (batches 3 and 4, Table 
2) in serum, whereas low doses were 
found to be ineffective (batch 2, Table 2). 


2. Preparatory phase 


Similar to the postspawning phase, 
all three doses of estradiol-178 increased 
liver RNA (batches 2-4, Table 3) without 
altering liver DNA levels. A significant 
increase in liver protein was observed in 
response to hormone treatments at 10 and 
50 vg/fish. However, all tested doses 
increased protein-bound phosphorus in 
livers (batches 2-4, Table 3). Only high 
doses (50 ug/fish) of the hormone showed 
increases in liver lipids (batch 4, 
Table 3); however, elevated levels of 
liver lipid phosphorus were encountered 
in response to all doses of estradiol-17£ 
(batches 2-4, Table 3). It seems that low 


(5 ug/fish) and medium (10 ug/fish) doses 
of estrogen facilitate the synthesis of 
phospholipid at a cost to other types of 
lipid. Increases in total protein, protein 
phosphorus, and lipid phosphorus were 
noticed in serum after administering the 
three different doses of estradiol-178 
(batches 2-4, Table 4). 


3. Physiological statuses during two dif- 
ferent phases and dose-response relation- 
ships 

A two-way ANOVA revealed that 

RNA, DNA, protein, and lipid phosphorus 

in the livers were not significantly dif- 

ferent during the postspawning and pre- 


paratory phases of the reproductive cycle. 
Fish livers showed significant increases 


in protein phospeorus (p<0.01), and lipid. 


and lipid phosphorus (p<0.05) during the 
preparatory phase when compaced with 
the postspawning phase (Table 3). 


Table 3 a 
Effects of estradiol-178 (Ez) on RNA, DNA, total protein, lipid, protein 
phosphorus, and lipid phosphorus content in livers of H. fossilis 
during preparatory phase 


A B C E F | 
RNA DNA Protein Protein Lipid Lipid phos- 
Treatment (mg/g (mg/g (mg/g phospho- (mg/g phorus 
(daily for wet wet wet rus (mg/g wet (mg/g wet 
Batch’? 1 days) | _ weight) weight) weight) wet weight) weight) = weight) 
1- (6) 0.6% saline 5.70 3.20 100.00 10. 40° 72.00" 16.00 
+0.56 +0.08 +5.21 +0.12 +6.65 +0.99 
2- (5) E: 5 ug/fish 8.80** 3.20 112.00 15.20** 78 .00 26 .00*** 
+0.71 +0.10 +6.35 +0.15 +7.63 +1.15 
3- (5) E» 10 wg/fish 8.10** 3.40 120.00* 16.40** 79.00 26 .00**# 
. +0.85 +0.15 +5.56 +0.31 +6.31 +1.16 
4- (5) E: 50 yg/fish 9, 30""* 3.30 144.00** 19.50*#* 96 .00** 28 .00*** 
+0.81 +0.09 +8.82 +0.86 


+5.20 +1.15 


“) No. of fish in each batch is given in parentheses. 


Values are given as mean+SEM. 


Significance of difference compared between Batch 1 and Batches 2-4 (¢ test); 


* p<0.05, ** p<0.01, *** p<0.001. 


~ Significantly different from postspawning phase (two-way ANOVA); ° p<0.01, °°? p<0.05. 


Dose response relationship (two-way ANOVA). 


and Column B and F, not significant. 


Column A, D, E, p<0.05; Column C, p<0.01; 
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Table 4 
Effects of estradiol-178 (E,) on total protein, protein phosphorus, 
and lipid phosphorus levels in serum of H. fossilis 
during preparatory phase 


B 
Treatment 。 Serum protein ` Serum lipid 
Serum protein phosphorus phosphorus 
Batch” (daily for 7 days) (mg/100 ml) (mg/100 ml) (mg/100 ml) 
1- (6) 0.6% saline 6.30° 14, 40° 6.10° 
(0.2 ml/fish) +0.52 +0.75 +0.61 
2- (5) E2 5 ug/fish 12.60* 22.20%" 10.60** 
+0.65 +0.93 +0.55 
3- (5) Ez 10 wg/fish 12.40* 24.90** 11.60** 
+0.68 +0.99 +0.40 
4- (5) E2 50 ug/fish 17.10* 26 .20** 12.00** 


Values are given as mean--+SEM. 


+0.69 


*? No. of fish in each batch is given in parentheses. 


+0.98 +0.46 


Significance of difference compared between Batch 1 and Batches 2-4 (¢ test); * p<0.01, **p<0.001. 
Significantly different from postspawning phase (two-way ANOVA); °°°>? p<0.05. 
Dose response relationship (two-way ANOVA). Column B, p<0.05; Column A and C, not signi- 


ficant. 


Increases in RNA, protein, protein phos- 
_ phorus, and lipid in the livers in response 
to various doses of estradiol-178 were 
found to be dose-dependent. Although 
treatment with estradiol-178 increased 
liver lipid phosphorus in both seasons, 
the magnitudes of elevation were not 
related to dose (Tables 1 and 3). 

All measured biochemical composi- 
tions of serum (protein, protein pho- 
sporus, and lipid phosphorus) were higher 
(p<0.05) during the preparatory phase 
than during the postspawning phase 
(Table 4). Statistically, a dose-response 
correlation was only established for 
serum protein phosphorus (p<0.05, Tables 
2 and 4). Increases in serum protein and 
serum lipid phosphorus were not dose- 
dependent. These observations demon- 
strate that the release of these two 
vitellogenic constituents is independent 
of the amount of hormone administered, 


phase fish. 


_ DISCUSSION 


In this exporiment, preparatory phase 
fish had higher levels of phosphoprotein 
and phospholipid in their livers and 
serum when compared with postspawning 
In hagfish, Eptatretus stouti, 
increased levels of total protein in livers > 
and plasma of vitallogenic females were 
found when compared with non-vitel- 
logenic females; at the same time, yolk 
protein was observed only in the plasma 
of vitellogenic females (Yu et al., 1980). 

Estradiol-176 induced the synthesis, 
as well as the releases of phosphoprotein 
and phospholipid in H. fossilis in both 
preparatory and postspawning phases of 
the reproductive cycle. This finding is 
comparable to those reported for goldfish 
(De Vlaming et al., 1977a; Hori et al., 1979), 
winter flounder (Campbell and Idler, 1976), 
and eel (Olivereau and Olivereau, 1979a, 
1979b). De Vlamin et al. (1977b) demon- 
strated that estradiol-178 treatments 
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increased hepatic lipid in Notemigonus 
crysoleucas during the gonadal preparatory 
period, but failed to bring about any 
change during the prespawning season. 
But during the early spawning season, 
estrogen elicited increased 
liver protein and phospholipid in the 
same fish. Further more, De Vlaming et 
al. (1979) demonstrated that estrogen 
treatments enhanced levels of organic 
PO,, cholesterol, and protein in the serum 
of Carassius ` auratus. Intramusculear 
injections of estradiol brought about 
significant increases in plasma phospho- 
lipid, phosphoprotein, calcium, total lipid, 
and protein in dogfish, Scyliorhinus 
canicula (Crajk, 1978b). Sundararaj and 
Nath (1981) showed that estrogen induced 
higher levels of alkali labile phospho- 
protein in livers and serum of H. fossilis. 
However, that study ravealed that 
apart from phosphoprotein, phospholipid 


is also synthesized in the liver and 
released into blood wunder estrogen 
control. In H. fossilis RNA was syn- 


thesized in response to exogenous estro- 
gen administration. Hahn et al. (1969) 
and Callard et al. (1972) also showed that 
estradiol treatments induced liver RNA 
synthesis in reptiles. Estradiol treat- 
ments also elevated levels of RNA, 
protein, and lipids, as well as ratios of 
RNA/DNA, protein/DNA, and lipid/DNA 
in the livers of immature chickens 
(Gallus domesticus) in comparison to 
controls: (Yu and Marquardt, 1973). 
Estradiol administration influenced 
slight variations in response during the 
two different periods of the reproductive 
cycle. For example, low doses (5 yg/fish) 
of estradiol did not significantly change 
liver protein levels during the postspawn- 
ing phases whereas similar doses caused 
elevations in total liver lipid levels, 
excluding phosphorus-bound lipid. On the 
other hand, during the preparstory period, 
low (5vg/fish) and medium (10 yg/fish) 


levels of | 


doses of estradiol induced synthesis of 
phosphorus-bound lipid without affecting 
total lipid levels in pituitary and ovarian 
circulating hormones during the post- 
spawning and preparatory phases of the 
reproductive cycle. Estrogen has been 
found to increase parallel to vitellogenin 
in fish, attaining peak levels at times of 
maximum gonadal maturation (Crim and 
Idler, 1978; Bohamon and Lambert, 1981). 
In catfish, Clarias batrachus, progressive 
elevations in prolactin and gonadotropin 
levels were observed with the onset of 
gonadal development in the proparatory 
phase, but their maximum concentrations 
were noticed during the spawning phase 
(Singh and Singh, 1980). Prolactin is also 
known to alter body and liver lipid levels 
in several fish species (Lee and Meier, 
1967; Meier, 1969; De Vlaming et al., 1975; 
Pardo and De Vlaming, 1976; Singh, 1981). 
In the presant study, intact H. fossilis 
were used in both seasons; therefore, 
prolactin involvement in lipid synthesis 
cannot be ruled out. 
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KEERA Heteropneustes fossilis TE Æ} A HA 
PAB) Ta] SS Fd S EES HA EZ RE A 
SIGE AG EY RE 


AJAY KUMAR SINGH 


AXK H AYE OA 92 FE HA ARBEI AFEA A Heteropneustes fossilis 施 於 不 同 
剂量 之 动情 素 ° ASHER AE ARELA o ERR” = EDS (SIRO 微 
oe > 10 微克 、 或 50 微克 SET 天 ) 。 都 增加 肝 中 RNA EE ， 而 不 改 炙 DNA 含量 。 在 排卵 前 期 ， 三 
征 不 同 剂 量 之 动情 素 都 增加 肝 与 血 中 之 磷 蛋 白 与 磷脂 ; 而 在 排卵 后 期 ， 只 有 中 剂量 (每 条 和 急 10 微克 ) 才 
增加 肝 与 血 中 之 磷 和 蛋白 与 磷脂 淡 度 。 而 肝 之 和 蛋白质 淡 度 ， 在 三 种 不 同 剂 量 之 动情 素 刺 激 下 都 增加 。 动 情 
素 济 磷脂 合成 之 影响 在 不 同 生 苑 肖 期 而 略 有 不 同 : 在 排卵 后 期 ， 低 剂量 动情 素 引 起 肝 之 脂 质 合成 ， 而 不 
VORB AERO > 中 剂量 与 高 剂量 动情 素 都 促进 磷脂 合成 ， 但 不 影响 肝 之 脂 质 合成 。 


